Background: Regular physical activity is associated with quality of life and other healthrelated outcomes in ovarian cancer survivors, but participation rates are low. This study investigated the determinants of physical activity in ovarian cancer survivors. Methods: A population-based, cross-sectional, mailed survey of ovarian cancer survivors in Alberta, Canada, was conducted. Measures included self-reported physical activity, medical and demographic factors, and social-cognitive variables from the theory of planned behavior (TPB). Results: A total of 359 women participated (51.4% response rate), of whom 112 (31.1%) were meeting physical activity guidelines. Variables associated with meeting guidelines were younger age, higher education and income, being employed, lower body-mass index, absence of arthritis, longer time since diagnosis, earlier disease stage, and being disease free. Analysis of the TPB variables indicated that 36% of the variance in physical activity guidelines was explained, with intention being the sole independent correlate ( = .56; P < .001). Conclusion: Various demographic and medical factors can help identify ovarian cancer survivors at risk for physical inactivity. Interventions should attempt to increase physical activity intentions in this population by focusing on instrumental and affective attitudes, as well as perceptions of control.
The American Cancer Society recommends a physically active lifestyle for cancer survivors to reduce risk of secondary cancers and other chronic diseases and to improve quality of life. 1 Physical activity has been associated with lower risk of disease recurrence and longer survival in breast 2 and colorectal 3, 4 cancers. Furthermore, there is increasing evidence from meta-analyses 5, 6 and more recent large randomized trials of breast cancer survivors [7] [8] [9] that engaging in programs of regular exercise leads to improvements in functional and quality-of-life outcomes after a cancer diagnosis. Despite this favorable evidence, studies of various cancer survivor populations consistently show that less than one third of survivors report meeting public health physical activity guidelines. [10] [11] [12] [13] [14] [15] [16] [17] The corresponding figures for the general population are over 45% for both men and women. 18 Understanding the factors that influence physical activity behavior is important for enhancing health-promotion strategies. For cancer survivors, additional disease and treatment-related factors may influence ability and motivation for physical activity. Furthermore, since many of these factors differ between survivors of diverse cancer types, it is essential to collect data on individual cancer groups, rather than attempt to generalize the results from other cancer populations. In addition, there is evidence that beliefs, motives, and barriers regarding activity may vary across cancer survivor groups. 19 For ovarian cancer, there are no published data on the determinants of physical activity. An estimated 24,830 new cases of ovarian cancer were diagnosed in the United States and Canada in 2007, 20, 21 and the improved survival rate has increased the importance of maintaining a healthy lifestyle in this population. Although the direct impact of physical activity on ovarian cancer survival is unknown, it may play a role via weight control, since obesity is negatively associated with survival. 22 Furthermore, we have previously reported a positive association between physical activity and quality of life in ovarian cancer survivors. 23 However, these data also indicated the prevalence of physical 4 weeks. Data collection was performed between May and October 2006.
Measurements
Medical information (ie, date of diagnosis, histologic subtype, disease stage, grade, borderline vs invasive, and treatments received) was obtained from the cancer registry when available. Additional medical and demographic data (ie, age, marital status, employment status, education level, family income, height, weight, smoking and drinking behavior, medical comorbidities, current disease status, and current treatments) were obtained by self-report.
Physical activity was assessed by the Leisure Score Index of the Leisure Time Exercise Questionnaire, 26 which requires participants to recall their average weekly frequency of mild-, moderate-, and strenuousintensity activity during the past month. Participants were also asked to indicate the average duration of activities. From these data, we calculated the percentage of participants meeting physical activity guidelines based on the American Cancer Society's 1 recommended physical activity levels for cancer survivors as follows: (1) completely sedentary (no moderate or strenuous physical activity), (2) insufficiently active (<150 minutes of moderate/strenuous activity and <60 minutes of strenuous activity), (3) within guidelines (150 to 300 minutes of moderate/strenuous or 60 to 120 minutes of strenuous activity), and (4) above guidelines (≥300 minutes of moderate/strenuous or ≥120 minutes of strenuous activity). We also calculated the standard dichotomized guideline by combining the completely sedentary and insufficiently active categories (not meeting guidelines) versus the within and above guidelines categories (meeting guidelines). Reliability and validity of the Leisure Score Index have been shown to compare favorably to other measures of physical activity and fitness. 27 TPB constructs were assessed based on the guidelines of Ajzen. 24, 28 Physical activity intention was assessed by 2 items asking respondents to indicate the frequency (ie, days per week) and duration (ie, minutes per day) of vigorous and moderate-intensity physical activity they intended to perform over the next month. From these data, we calculated the percentage of participants intending to meet the physical activity guidelines based on the same cut points as for our behavioral variable.
Attitude, subjective norm, and perceived behavioral control were all assessed using 7-point bipolar adjective scales. Six items assessed either the instrumental (useless-useful, harmful-beneficial, unimportant-important) or affective (unenjoyable-enjoyable, painful-pleasurable, boring-fun) component of attitude toward regular exercise. Internal consistencies () for the instrumental and affective scales were .92 and .85, respectively.
For subjective norm, 5 items measured either injunctive norm (disapproving-approving, discouragingencouraging, unsupportive-supportive) or descriptive norm (inactive-active, disagree-agree that important activity among ovarian cancer survivors to be low, with only 31.1% meeting the public health guidelines. 23 The identification of key factors that determine physical activity in ovarian cancer survivors can be used to inform the design of health-promotion strategies aimed at increasing physical activity in this understudied population. The purpose of the current study was to examine medical (eg, time since diagnosis, disease stage, disease status), demographic (eg, age, education, employment status), and social-cognitive determinants of physical activity among ovarian cancer survivors using the theory of planned behavior (TPB). The TPB is a social-cognitive theory of behavior 24 that has proven useful in understanding physical activity behavior in cancer survivors. 19 According to the TPB, intention is the immediate determinant of behavior. Intention, in turn, is determined by attitude (positive or negative evaluation of the behavior), subjective norm (perceived social pressure to perform the behavior), and perceived behavioral control (confidence and control over performing the behavior). The constructs of attitude, subjective norm, and perceived behavioral control are thought to represent higher-order structures that each comprise 2 lower-order components. 25 Attitude consists of affective (enjoyment of exercise) and instrumental (perceived benefits of exercise) components, subjective norm is composed of descriptive (perception that important others exercise) and injunctive (perception that important others approve of exercise) components, and perceived behavioral control consists of self-efficacy (confidence in ability to exercise) and perceived control (perceived control over exercise) components.
The specific objectives of the current study were to (1) characterize the intentions of ovarian cancer survivors with respect to the current public health physical activity guidelines, (2) identify the demographic and medical variables that are associated with meeting the guidelines, (3) determine the most important socialcognitive correlates of physical activity behavior and intention, and (4) identify the most common behavioral, control, and normative beliefs held by ovarian cancer survivors with regard to physical activity.
Methods
A full description of the study procedures has been provided elsewhere. 23 Briefly, ethical approval was granted by the Alberta Cancer Board Research Ethics Board and the University of Alberta Research Health Ethics Board to perform a postal survey of ovarian cancer survivors identified through the Alberta Cancer Registry. Eligibility criteria were age 18 years or over, diagnosis of histologically confirmed ovarian cancer between 1985 and 2005, approval of the treating oncologist or general physician, and ability to understand English. Participants were asked to complete and return a consent form and questionnaire. Nonresponders were sent a reminder postcard after 2 weeks and a second questionnaire after others will be active). Internal consistencies () for the injunctive and descriptive scales were .93 and .84, respectively.
Perceived behavioral control was assessed by 2 items (uncontrollable-controllable, unconfident-confident). Although these items can be used separately as measures of perceived control and self-efficacy, respectively, 29 recent data suggest that they should be combined into a single component measure of perceived behavioral control. 30 Internal consistency () was .90.
Underlying beliefs were assessed using open-ended questions. Participants were asked to list up to 3 advantages of exercise (behavioral beliefs), barriers to exercise (control beliefs), and people who would approve of exercise (normative beliefs).
Data Analysis
For the preliminary analyses of the univariate associations between the demographic/medical variables and physical activity, we used the standard dichotomized physical activity guideline to eliminate the skewness of the continuous data and to conserve power. The medical and demographic variables were also dichotomized to conserve power, and missing data were excluded from these analyses. The associations were analyzed using chi-square tests. For the univariate and multivariate associations of the TPB constructs with intention and physical activity behavior, we used the 4 categories of physical activity and intention to increase the variability of these measures and to eliminate the skewness of the continuous data. Univariate associations were analyzed using Pearson correlation coefficients. Hierarchical multiple-regression analyses were used to examine the multivariate associations between demographic, medical, and social-cognitive variables and the physical activity and intention categories. analyses due to substantial missing data (16.4% and 16.2% respectively, a total of 107 participants). This explained an additional significant 6% of the variance in physical activity behavior, with being disease-free ( = 0.09; P = .03), having a healthy BMI ( = 0.12; P = .005), and being better educated ( = 0.14; P = .001) achieving independent associations with behavior, although intention remained the most important correlate ( = 0.51; P < .001). For physical activity intentions, 39% of the variance was explained Table 4) , with instrumental ( = 0.21; P = .001) and affective ( = 0.29, P < .001) attitude and perceived control ( = 0.28, P < .001) providing independent associations. Table 5 displays the salient beliefs held by ovarian cancer survivors about physical activity. Beliefs cited by at least 10 participants are reported. Improving health and controlling body weight were the most salient advantages of physical activity reported by ovarian cancer survivors. Lack of time and motivation were the most salient barriers. Finally, family and friends were the most salient people who would approve of physical activity.
Discussion
The purpose of this study was to identify the demographic, medical, and social-cognitive determinants of physical activity behavior and intentions among ovarian cancer survivors.
The intention data indicated that 53.9% of the sample intended to meet physical activity guidelines in the next month. This contrasts with the 31.1% who were currently meeting guidelines. A previous study of nonHodgkin lymphoma survivors had similar findings, with 51% intending to meet guidelines but only 24% reporting that they did so in the past month. 31 These data are compatible with other evidence that about half of cancer survivors have good intentions regarding healthy lifestyle changes (eg, diet, smoking, physical activity) 32 but that there are various impediments (eg, medical, demographic, environmental) that may prevent these intentions from being realized. Interventions are therefore needed to strengthen intentions in ovarian cancer survi-
Results
A total of 359 ovarian cancer survivors returned completed questionnaires, resulting in a 51.4% response rate. A detailed flow diagram of the study and full description of participant characteristics have been presented elsewhere. 23 Based on reported physical activity behavior, 112 (31.1%) survivors were meeting public health guidelines (63 within and 49 above guidelines). A summary of the sample characteristics is available in Table 1 , which displays the proportion of participants meeting physical activity guidelines based on demographic and medical variables. Briefly, participants were more likely to be meeting guidelines if they were younger (P < .001), more highly educated (P < .001), wealthier (P < .001), employed (P < .001), free of arthritis (P = .030), and more than 5 years since diagnosis (P = .010); had a healthy body-mass index (BMI; P < .001), had early-stage disease (P = .037), and were currently disease free (P = .005).
Categorizing participants according to their physical activity intentions resulted in 80 (22.3%) intending to be completely sedentary, 89 (24.8%) insufficiently active, 123 (34.2%) within guidelines, and 67 (18.7%) above guidelines. Collapsing categories resulted in 190 (52.9%) reporting intentions to meet the physical activity guidelines and 169 (47.1%) not intending to meet them. Table 2 displays the descriptive statistics and bivariate correlations for the TPB constructs and physical activity behavior. The strongest association was between physical activity intention and behavior (r = .60; P < .001). Physical activity intention had the strongest correlations with affective (r = .51; P < .001) and instrumental (r = .54; P < .001) attitudes and perceived behavioral control (r = .51; P < .001). Table 3 presents the results of the hierarchical multiple-regression analysis, indicating that 36% of the variance in physical activity behavior was explained with intention being the sole independent correlate ( = 0.56; P < .001). The medical and demographic variables significant in univariate analyses (Table 1) were added to the model, with the exception of income and disease stage, which were excluded from these multivariate was not associated with physical activity in our study. Furthermore, surveys of colorectal 34 and endometrial 35 cancer survivors have reported physical activity to be associated with similar demographic variables. Efforts to promote physical activity among ovarian cancer survivors must consider these factors.
In support of the uniqueness of cancer survivors, specific medical characteristics were also associated with physical activity in our sample. Meeting guidelines was more common among women who had early-stage disease, those who were at least 5 years since diagnosis, and those currently disease free. It is not surprising that participants with more advanced disease, a more recent diagnosis, or current disease are less active, since they are likely to be in poorer state of health, with physical activity seeming less of a priority than disease-or treatment-related concerns. Nonetheless, studies in other cancer survivor populations have indicated benefits of physical activity during cancer treatments 7, 9, 35 or for individuals with advanced disease, 36, 37 and surveys of cancer survivors indicate considerable interest in receiving exercise advice and interventions during or soon after treatments. 38, 39 Therefore, physical-activity-promotion efforts among ovarian cancer survivors should not necessarily exclude women based on medical characteristics but may need to modify activities according to the health and treatment status of these individuals.
Demographic and medical characteristics provide important information on nonmodifiable factors that identify those at risk for low physical activity. This study also examined modifiable social-cognitive factors (ie, beliefs about physical activity) using the TPB. The TPB explained 36% of the variance in reported physical vors not currently intending to exercise and to facilitate the successful translation of intentions into behavior in those with positive intentions but inadequate behavioral follow-through.
Several demographic factors distinguished ovarian cancer survivors who were meeting physical activity guidelines from those who were not. Specifically, younger age, higher education and income, full-or parttime employment, and healthy BMI were associated with meeting physical activity guidelines. These factors are consistent with data from a large sample of Canadian older adults, 33 with the exception that marital status was found to be the only significant independent correlate of physical activity behavior, which is also consistent with previous studies of cancer survivors 19 and with the tenets of the TPB. 24 When the demographic and medical variables were included in the analysis, the results indicated that education, BMI, and disease status were still associated with physical activity independently of any social-cognitive variables; however, intention remained the most important correlate of behavior. Not surprisingly, intentions to exercise are strongest in those who are already most active. The challenge for health promotion is in trying to develop strong intentions among the inactive population to bring about positive behavior change.
The most important correlates of intention in this population were affective and instrumental attitudes and perceived behavioral control. Interventions for fostering positive intentions should therefore focus on developing favorable attitudes by encouraging the notion that physical activity is enjoyable (eg, by choosing an activity they like, exercising with a friend, selecting moderateintensity activities) and ensuring awareness of the benefits of being physically active. A range of physical and psychological health benefits were identified by ovarian cancer survivors in this study (Table 5) , with improvements to general physical health, weight control, and increasing energy being particularly important.
To promote a sense of behavioral control, it is necessary to identify, and seek solutions to, perceived barriers to physical activity for individuals. The control beliefs (Table 5) indicate that the most common barriers perceived by ovarian cancer survivors include lack of time, lack of motivation, and lack of energy/fatigue. Interestingly, fatigue is perceived as both a benefit and a barrier to physical activity. This reflects the complexity of the fatigue/physical activity relationship. Although excessive activity may exacerbate fatigue, too much rest leads to physical deconditioning that contributes to increased fatigue during usual daily function. There is encouraging evidence that a moderate volume of physical activity helps reverse declines in fitness and function, contributing to reductions in fatigue. [40] [41] [42] This study is the first to examine the determinants of physical activity in ovarian cancer survivors. The large, population-based sample is also a strength of this study, as is the use of a validated theoretical model and validated question items to examine motivation for physical activity. The main weaknesses are the crosssectional design of the study, along with the transparent nature of the physical activity focus, which likely attracted more active survivors and may have encouraged participants to provide more favorable responses due to social-desirability biases. Other limitations are the 51% response rate, the failure to collect data on racial or ethnic characteristics, and the 16% missing data for disease stage and annual income. activity behavior and 39% of the variance in physical activity intentions of participants. These findings are consistent with those from previous studies using the TPB in cancer survivors in which 14% to 37% of the variance in exercise behavior and 23% to 68% of the variance in exercise intention was explained. 19 Intention 
Conclusion
In summary, demographic and medical variables can help identify ovarian cancer survivors at risk for physical inactivity, for example, older age, higher BMI, shorter time since diagnosis, and current disease. Behavior-change interventions in this population should focus on developing strong intentions for physical activity by fostering positive instrumental and affective attitudes and strong perceptions of control.
